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(54) BOILER

(57) A boiler (2) comprising a first number of tubes
(6, 34, 42) for conveying exhaust gas is provided. Each
of the tubes (6, 34, 42) comprises an inlet (8) for receiving
the exhaust gas and an outlet (10) for discharging the
exhaust gas. Each of the tubes defines a respective lon-
gitudinal center axis (L). The boiler is characterized in
that it further comprises a second number of deposit re-

ducing elements (20, 44). Each of the deposit reducing
elements (20, 44) is arranged to close at least one of the
tubes (6, 34, 42), or be moved, by a sufficiently high ex-
haust gas pressure in said at least one of the tubes, to
open said at least one of the tubes, to reduce formation
of deposits inside the tubes.
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Description

Technical field

[0001] The invention relates to boiler comprising a first
number of tubes for conveying exhaust gas, each of the
tubes comprising an inlet for receiving the exhaust gas
and an outlet for discharging the exhaust gas and each
of the tubes defining a respective longitudinal center axis.

Background art

[0002] Boilers are well-known and used in many differ-
ent heat exchange applications. A known boiler, used
after e.g. an oil-fired burner, comprises a closed vessel
and a number of tubes extending along each other inside
the vessel. The exhaust or flue gas from the burner is
fed through the tubes, and a medium, such as water, is
fed through the vessel and thus around the tubes, where-
by heat is transferred from the exhaust gas to the medium
in the vessel. When the exhaust gas flows through the
tubes, deposits containing soot are formed on the inside
surfaces of the tubes. These deposits impair the heat
transfer between the exhaust gas and the medium
around the tubes resulting in a reduced boiler thermal
efficiency and an increased burner fuel consumption.
Further, the deposits also cause corrosion of the tubes.
Consequently, regular manual cleaning of the tubes to
remove the deposits is required which is cumbersome
and time demanding. Also, to enable such cleaning of
the tubes, the boiler must be shut down.

Summary

[0003] An object of the present invention is to provide
a boiler that at least partly solves the problems above.
More particularly, an object of the invention is to provide
a boiler demanding less manual cleaning to remain ther-
mally efficient, which may reduce the down-time of the
boiler. The basic concept of the invention is to provide
the boiler with means for decreasing the production of
deposits inside the tubes, which means may be retrofit-
ted, i.e. installed in existing boilers. The boiler for achiev-
ing the object above is defined in the appended claims
and discussed below.
[0004] A boiler according to the present invention com-
prises a first number of tubes for conveying exhaust gas.
Each of the tubes comprises an inlet for receiving the
exhaust gas and an outlet for discharging the exhaust
gas. Each of the tubes defines a respective longitudinal
center axis. The boiler is characterized in that it further
comprises a second number of deposit reducing ele-
ments. Each of the deposit reducing elements is ar-
ranged to close or block at least one of the tubes or be
moved, by a sufficiently high exhaust gas pressure in
said at least one of the tubes, to open said at least one
of the tubes, to reduce formation of deposits inside the
tubes.

[0005] Thus, depending on the exhaust gas pressure
in each of the tubes, a tube may be either closed by the
corresponding deposit reducing element so as to prevent
exhaust gas passage through the tube, or open so as to
allow exhaust gas passage through the tube. A tube may
be partly blocked by a deposit reducing element but still
allow exhaust gas passage and thus be considered to
be open.
[0006] When the boiler is not operated and the exhaust
gas pressure is zero, the deposit reducing elements are
arranged in their default positions closing the corre-
sponding tubes. When the exhaust gas pressure increas-
es, some of the deposit reducing elements may be moved
from their default positions by the exhaust gas pressure
and the corresponding tubes may be open, while other
ones of the tubes may be closed. Typically, the higher
the total exhaust gas pressure is, the more of the tubes
will be open. By closing some of the tubes at lower ex-
haust gas pressures, the exhaust gas pressure and ve-
locity in the open tubes may be relatively high. A high
exhaust gas velocity through a tube decreases the for-
mation of deposits inside the tube.
[0007] The deposit reducing elements may be ar-
ranged either inside or outside the tubes.
[0008] The exhaust gas may originate from different
sources, such as a burner, and the deposits typically con-
tain soot.
[0009] The first number, just like the second number,
may vary, and the first and second numbers may, or may
not, be the same. Further, the tubes may, or may not,
have a similar design. Similarly, the deposit reducing el-
ements may, or may not, have a similar design.
[0010] The tubes may have any suitable cross section,
such as a circular cross section.
[0011] The longitudinal center axes of the tubes may
extend parallel to each other.
[0012] As mentioned above, all the deposit reducing
elements may, or may not, have a similar design. Ac-
cording to one embodiment of the inventive boiler, a first
subset of the deposit reducing elements containing at
least one of the deposit reducing elements differ from a
second subset of the deposit reducing elements contain-
ing at least one of the deposit reducing elements. Further,
a first exhaust gas pressure required for moving said at
least one of the deposit reducing elements of the first
subset is less than a second exhaust gas pressure re-
quired for moving said at least one of the deposit reducing
elements of the second subset. There may be more than
two deposit reducing element subsets having different
characteristics. The number of deposit reducing ele-
ments per subsets may be one or more. This embodiment
means that the one or more characteristics differing be-
tween the subsets may determine whether a certain one
of the deposit reducing elements is moved or not at a
certain total exhaust gas pressure. Thus, at a lower total
exhaust gas pressure, the deposit reducing elements of
the first subset may be moved, while at a higher total
exhaust gas pressure, the deposit reducing elements of
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the first and second subsets may be moved.
[0013] The one or more characteristics differing be-
tween the subsets may be different. As an example, a
differing characteristic may be the shape of the deposit
reducing elements. According to one embodiment of the
inventive boiler, a weight of said at least one of the deposit
reducing elements in the first subset is less than a weight
of said at least one of the deposit reducing elements in
the second subset. Such a design enables a relatively
straightforward mechanical construction and operation
of the boiler.
[0014] The boiler may be so constructed that said first
number of tubes is larger than said second number of
deposit reducing elements. This embodiment may mean
that only some of the tubes are associated with a deposit
reducing element, i.e. that one or more of the tubes are
constantly open. Thereby, it may be ensured that no
build-up of exhaust gas inside the boiler takes place. This
embodiment may also mean that more than one of the
tubes are associated with one and the same of the de-
posit reducing elements.
[0015] The deposit reducing elements may have many
different designs, such as conical, spherical, etc., natu-
rally depending on the design of the tubes. According to
one embodiment, the boiler is so designed that each of
the deposit reducing elements includes a disc comprising
two opposing plane surfaces, which surfaces are ar-
ranged to extend essentially perpendicular to the longi-
tudinal center axis of said at least one of the tubes when
the deposit reducing element closes said at least one of
the tubes. Such discs may be relatively straightforward
to manufacture and use for the desired purpose.
[0016] The boiler may further comprise a third number
of guiding elements arranged to engage with said deposit
reducing elements to control their movement in relation
to said tubes. The deposit reducing elements move in
relation to the tubes to open and close the same and the
guiding elements are arranged to control this movement.
The guiding elements may also make sure that the de-
posit reducing elements are not disconnected from the
rest of the boiler. There may be one or more guiding
elements engaging with one and the same of the deposit
reducing elements. The guiding elements may extend
through recesses or holes in the deposit reducing ele-
ments and parallel to the longitudinal center axes of the
tubes.
[0017] The boiler may be so configured that each of
said deposit reducing elements is arranged to at least
partly cover the respective outlet of said at least one of
the tubes to close said at least one of the tubes. Thus,
according to this embodiment the deposit reducing ele-
ments are arranged outside the tubes and arranged to
at least partly cover one or more of the tube outlets. This
embodiment enables a robust and reliable design of the
boiler.
[0018] The boiler may be so constructed that some of
the tubes are arranged to be only partially covered by
the deposit reducing elements. These tubes may then

be constantly open. Thereby, it may be ensured that no
build-up of exhaust gas inside the boiler takes place.
[0019] Alternatively, the boiler may be so configured
that each of the deposit reducing elements is arranged
in a respective one of the tubes. Further, each of the
deposit reducing elements is arranged to be moved along
the longitudinal center axis of said respective one of the
tubes to open or close the tube.
[0020] Each of the deposit reducing elements may be
arranged to scrape off deposits from an inside surface
of said respective one of the tubes when it is moved along
the longitudinal center axis of said respective one of the
tubes. Thereby, automatic cleaning of said respective
one of the boiler tubes during operation of the boiler may
be enabled.
[0021] In a case where each of the deposit reducing
elements includes a disc as discussed above, each of
the discs may be so designed that a peripheral surface
extending between its two opposing plane surfaces com-
prises at least one annular groove extending essentially
parallel to its two opposing plane surfaces. There may
be one, or more than one, for example two, such grooves
in each of the discs. These grooves enable a relatively
large thickness of the discs but still a relatively small tube
contact surface, which may reduce the friction when the
discs move through the tubes.
[0022] The tubes containing the deposit reducing ele-
ments may comprise a first section including the inlet for
receiving the exhaust gas and a second section including
the outlet for discharging the exhaust gas, wherein the
second section further includes first retaining means for
preventing the deposit reducing element from leaving the
tube.
[0023] The first and second sections of the tubes may,
or may not, be integrally formed. Further, the first and
second sections of the tubes may, or may not, have the
same cross section taken perpendicular to the longitudi-
nal center axis of the tubes.
[0024] By means of the first retaining means, the de-
posit reducing elements may remain inside the tubes
even if the exhaust gas pressure in the tubes is high.
[0025] Different designs of the first retaining means are
possible. As an example, the first retaining means may
comprise means, such as a perforated plate, or one or
more projections extending from an inside surface of the
tube, partly closing or blocking the outlet of the tube. As
another example, the first retaining means may comprise
one or more thin bars extending across the outlet. The
outlet must not be blocked completely to allow escape
of the exhaust gas. According to one embodiment of the
invention, said first retaining means comprises at least
one cavity extending through a wall of the second section
of said respective one of the tubes for releasing the ex-
haust gas. When the deposit reducing element reaches
said at least one cavity, the exhaust gas may escape
there through instead of pushing the deposit reducing
element further towards the tube outlet. This embodiment
may enable a material effective boiler and retrofitting of
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existing boilers.
[0026] Different designs of the cavities are possible.
As an example, the cavities may be formed as holes
through the tubes. According to one embodiment said at
least one cavity extends from the outlet towards the inlet
of said respective one of the tubes. Designed like that,
the cavities form recesses extending from the very tube
outlets and a distance along the second section of the
tubes.
[0027] The boiler may be so constructed that the de-
posit reducing elements are arranged to move within only
the second section of said respective one of the tubes.
Such an embodiment may improve the accessibility of
the deposit reducing elements, which may be advanta-
geous in connection with maintenance of the boiler. As
an example, such an embodiment may be advantageous
for a boiler comprising a manifold connecting some or all
of the exhaust gas tube inlets, which manifold could make
deposit reducing elements arranged in the first portions
of the tubes inaccessible.
[0028] The tubes containing the deposit reducing ele-
ments may include second retaining means for prevent-
ing the deposit reducing element from leaving the second
section of the tube. Thereby, the deposit reducing ele-
ment can be prevented from entering the first section of
the tube.
[0029] Different designs of the second retaining means
are possible. As an example, the second retaining means
may comprise means partly closing or blocking the pas-
sage between the first and second tube sections, such
as one or more thin bars extending across the passage,
or one or more projections projecting from the inside sur-
face of the tubes towards the longitudinal center axis of
the tubes. The passage must not be blocked completely
to allow exhaust gas passing through. According to one
embodiment of the invention, the inner periphery of the
first section of the tube is smaller than the inner periphery
of the second section of the tube. Further, the second
retaining means comprises an annular edge of the first
section of the tube. This embodiment enables a mechan-
ically straightforward construction of the inventive boiler.
[0030] The boiler may be such that an outer periphery
of each of the deposit reducing elements and an inner
periphery of at least a part of said respective one of the
tubes are at least partly uniform. By uniform peripheries
is meant peripheries having the same shape or form but
not necessarily the same size. As an example, the outer
and inner peripheries of the deposit reducing elements
and the tubes, respectively, may be circular as seen from
the inlet or outlet of the tubes and when the tubes are
closed. According to this embodiment, the design of the
deposit reducing elements corresponds to the design of
the tubes. If the outer periphery of the deposit reducing
elements and the inner periphery of the tubes are uni-
form, at least a portion of the inside surface of the tubes
may be cleaned all the way around the longitudinal center
axis of the tubes.
[0031] The deposit reducing elements may alternative-

ly be arranged to move within the first and second sec-
tions of said respective one of the tubes. Thereby, auto-
matic cleaning of both the first and second tube sections
is enabled.
[0032] The tubes containing the deposit reducing ele-
ments may comprise third retaining means for preventing
the deposit reducing elements from leaving the tubes
when the deposit reducing elements have a cleaning ori-
entation, and for allowing the deposit reducing elements
to be removed from the tubes when the deposit reducing
elements are dislocated from their cleaning orientation.
Removal of the deposit reducing elements may be re-
quired in connection with manual cleaning or mainte-
nance of the boiler. This embodiment may enable easy
removal of the deposit reducing elements by simply dis-
locating them from their cleaning orientation.
[0033] Different designs of the third retaining means
are possible. As an example, the third retaining means
may be formed by a locally decreased inner periphery of
the tube or comprise means partly closing or blocking
the inlet of the tube. The inlet must not be blocked com-
pletely to allow reception of exhaust gas into the tube.
As an example, the third retaining means may comprise
one or more projections projecting from the inside surface
of the tubes towards the longitudinal center axis of the
tubes. As another example, the third retaining means
may comprise one or more thin bars extending across
the inlet.
[0034] Still other objectives, features, aspects and ad-
vantages of the invention will appear from the following
detailed description as well as from the drawings.

Brief description of the drawings

[0035] The invention will now be described in more de-
tail with reference to the appended schematic drawings,
in which

Fig. 1 is a schematic top view of a boiler,
Fig. 2 is a schematic cross section of the boiler in
Fig. 1 taken along line B-B,
Fig. 3 is a schematic cross section of some tubes of
the boiler illustrated in Fig. 1,
Fig. 4 is a schematic cross section of some tubes of
the boiler illustrated in Fig. 1 according to an alter-
native embodiment,
Fig. 5a is a schematic side view of a deposit reducing
element,
Fig. 5b is a schematic top view of a deposit reducing
element,
Fig. 6 and 7 are graphs illustrating how a boiler ac-
cording to yet another alternative embodiment could
be designed,
Fig. 8 is a schematic side view of a boiler according
to yet another alternative embodiment,
Fig. 9 is a schematic top view of the boiler in Fig. 8,
and
Fig. 10 is a schematic perspective view of the boiler
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in Fig. 8.

Detailed description

[0036] In Figs. 1 and 2 a boiler 2 is illustrated. The
boiler 2 is arranged after an oil-fired burner (not illustrat-
ed). The boiler 2 comprises a vessel 4 arranged to house
water and a first number of tubes or pipes 6 extending
essentially parallel to each other along a respective lon-
gitudinal center axis L. During operation of the boiler 2,
the exhaust gas, which has a temperature of 200-400
degrees C, is fed through at least some of the tubes 6.
To this end, each of the tubes 6 has an exhaust gas inlet
8 and an exhaust gas outlet 10. Simultaneously, water
is fed through the vessel to be heated by heat exchange
with the hotter exhaust gas. The means for feeding water
through the vessel is not illustrated in the figures and not
further described herein.
[0037] All the tubes 6 have the same design. Three of
the tubes are illustrated separately in Fig. 3 and denoted
6a, 6b and 6c. Each of the tubes 6a, 6b and 6c comprises
a first section 12 comprising the respective exhaust gas
inlet 8 and a second section 14 comprising the respective
exhaust gas outlet 10. The first and second sections 12
and 14, respectively, are integrally formed and the border
between them is illustrated by the horizontal dashed line
in Fig. 3. At a bottom end of the first section 12 of the
tubes 6a, 6b and 6c, a respective pair of essentially op-
posing projections 15 is arranged, which projections 15
protrudes from a respective inside surface 18 of the tubes
towards the longitudinal center axis L. The projections
15 form, what is herein referred to as, third retaining
means, the function of which will be discussed below.
[0038] The second section 14 of the tubes 6a, 6b and
6c is "sliced" from the top so as to be provided with a
plurality of through elongate cavities or open recesses
16 uniformly distributed, or equidistantly arranged,
around the exhaust gas outlet 10. The recesses 16 ex-
tend essentially parallel to the longitudinal center axis L
and from the outlet 10 along only a portion of the second
section 14. The recesses 16 form, what is herein referred
to as, first retaining means, the function of which will be
discussed below. Outside the recesses 16 the tubes 6a,
6b and 6c have the same circular cross section along
essentially their entire longitudinal extension.
[0039] When the exhaust gas is fed through the tubes
6, soot may be deposited on the respective inside surface
18 of the tubes. The inside surface 18 defines an inner
periphery 19 (Fig. 1) of each of the tubes 6. As discussed
by way of introduction, such deposits may cause a re-
duced thermal efficiency of the boiler and an increased
fuel consumption of the burner. Therefore, it is desirable
to prevent, as much as possible, the formation of such
deposits. Further, removal of still formed deposits is de-
sired. To this end, the boiler further comprises a second
number of deposit reducing elements 20 (Fig. 3). Each
of the deposit reducing elements 20 is arranged in a re-
spective one of tubes 6. The number of deposit reducing

elements 20 is less than the number of tubes 6 which
means that only a majority of the tubes 6 contain a deposit
reducing element 20. All of the tubes 6a, 6b and 6c con-
tain a respective one of the deposit reducing elements 20.
[0040] All the deposit reducing elements 20 have the
same design. One of the deposit reducing elements 20
is illustrated separately in Figs. 5a and 5b and denoted
20a. The deposit reducing element 20a comprises a cir-
cular disc 22 having an upper plane surface 24 and a
lower plane surface 26 which are essentially parallel. A
peripheral surface 28 extending between the upper plane
surface 24 and the lower plane surface 26 defines an
outer periphery 30 of the deposit reducing element 20a.
As is clear from Fig. 5a, the peripheral surface 28 com-
prises two parallel annular grooves 32 extending essen-
tially parallel to the upper and lower plane surfaces 24
and 26.
[0041] Each of the deposit reducing elements 20 is ar-
ranged to move inside a respective one of the tubes 6,
along the longitudinal center axis L thereof, and with its
upper and lower plane surfaces 24 and 26 arranged es-
sentially perpendicular to the longitudinal center axis L
of the tube. Arranged like this, the deposit reducing ele-
ments have a cleaning orientation. When the deposit re-
ducing elements 20 move through the tubes they are
arranged to scrape off any soot deposits on the inside
wall 18 of the tubes. To this end, the diameter of the discs
22, which is defined by their outer periphery 30, is just
slightly smaller than the inner diameter of the tubes 6,
which is defined by their inner periphery 19. The annular
grooves 32 in the peripheral surface 28 of the deposit
reducing elements 20 reduce the friction to facilitate the
movement of the deposit reducing elements 20 through
the tubes 6.
[0042] When the boiler 2 is ready for operation, all the
deposit reducing elements 20 are arranged, in their
cleaning orientation, at the bottom end of the first section
12 of the tubes 6 (also referred to herein as default po-
sition) where the projections 15 prevent them from leav-
ing the tubes 6. Arranged like this, the deposit reducing
elements 20 close the respective tubes 6. When the burn-
er is started, it starts producing exhaust gas which is fed
to the inlets 8 of the tubes 6 where it pushes against the
deposit reducing elements 20. At a very low burner load,
the exhaust gas pressure may be low enough so as to
not cause any movement of any one of the deposit re-
ducing elements 20. At such a very low burner load, all
exhaust gas may escape through the tubes 6 not con-
taining one of the deposit reducing elements 20. At a
somewhat higher burner load, the exhaust gas pressure
may be high enough so as to move some of the deposit
reducing elements 20 to the second section 14 of the
tubes 6. These deposit reducing elements are pushed
upwards by the exhaust gas until they reach the recesses
16 and allow the exhaust gas to escape therethrough.
Thereby, the deposit reducing elements 20 open the re-
spective tubes. When the exhaust gas can leave the
tubes 6 through the recesses 16, it does not push the
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deposit reducing elements 20 further upwards. Thus, the
recesses 16 prevent the deposit reducing elements 20
from leaving the tubes 20. The higher the burner load
and thus the total exhaust gas pressure is, the more de-
posit reducing elements 20 are moved upwards. When
the burner load is reduced/the burner is shut off, some/all
of the deposit reducing elements returns to the bottom
end of the first section 12 of the tubes 6.
[0043] Since some of the tubes 6 will be closed by the
deposit reducing elements 20 depending on the burner
load, the exhaust gas velocity in the open tubes will be
relatively high. A high exhaust gas velocity through a tube
decreases the formation of soot deposits inside the tube.
Nevertheless, the boiler 2 provides for removal of depos-
its still formed inside the tubes 6. During their movement
up and down in the tubes 6, the deposit reducing ele-
ments 20 scrape soot deposits off the inside surfaces 18
of the tubes 6 so as to automatically clean them. Fig. 3
illustrates three different positions of the deposit reducing
elements 20, the tubes 6a and 6b being closed and the
tube 6c being open. When necessary or suitable, the
tubes 6 may be manually cleaned when the boiler 2 is
not operated.
[0044] As mentioned above, the projections 15 prevent
the deposit reducing elements 20, when having their
cleaning orientation, from leaving the tubes 6. Should it
be necessary, for example to enable maintenance of the
boiler, to remove the deposit reducing elements from the
tubes, the deposit reducing elements may be turned or
tilted, i.e. dislocated from their cleaning orientation, to be
released from the projections 15 and then taken out of
the tubes.
[0045] In the above described boiler 2, the deposit re-
ducing elements 20 are arranged to move within both the
first and the second section 12, 14 of the tubes 6. Fig. 4
illustrates tubes 34 denoted 34a, 34b and 34c and the
disc shaped deposit reducing elements 20 of an alterna-
tive embodiment of the boiler 2. The boiler 2 according
to the alternative embodiment is very similar to the above
described boiler 2 and hereinafter the differing features
will be focused on.
[0046] Each of the tubes 34a, 34b and 34c comprises
a first section 36 and a second section 38 welded, brazed
or glued together. The first and second tube sections 36,
38 have the same wall thickness but the inner diameter
of the first tube section is smaller than the inner diameter
of the second tube section. Thus, an annular edge 40 of
the first section of each of the tubes 34 forms, what is
herein referred to as, second retaining means, the func-
tion of which will be discussed below. The tubes 34 com-
prises no third retaining means like the above projections
15.
[0047] The deposit reducing elements 20 are arranged
to move only within the second sections 38 of the tubes
34a, 34b and 34c to open or close the tubes 34a, 34b
and 34c. To this end, the diameter of the deposit reducing
elements 20 is slightly smaller than the inner diameter of
the second section 38 of the tubes 34. Further, the diam-

eter of the deposit reducing elements 20 is larger than
the inner diameter of the first section 36 of the tubes 34.
The annular edge 40 of the first tube sections 36 thus
prevents the deposit reducing elements 20 from entering
the first tube sections 36.
[0048] When the boiler 2 according to the alternative
embodiment is ready for operation, all the deposit reduc-
ing elements 20 are arranged at the bottom end of the
second section 38 of the tubes 34 (default position) where
the annular edges 40 prevent them from leaving the sec-
ond section. Arranged like this, the deposit reducing el-
ements 20 close the respective tubes 34. When the burn-
er is started, it starts producing exhaust gas which is fed
to the inlets of the tubes 34 and into the tubes where it
pushes against the deposit reducing elements 20. De-
pending on the burner load, some of the deposit reducing
elements 20 may be pushed upwards by the exhaust gas
until they reach the recesses and allow the exhaust gas
to escape therethrough. Thereby, the deposit reducing
elements 20 open the respective tubes. Fig. 4 illustrates
three different positions of the deposit reducing elements
20, the tubes 34a and 34b being closed and the tube 34c
being open. Since some of the tubes 34 will be closed
by the deposit reducing elements 20 depending on the
burner load, the exhaust gas velocity in the open tubes
will be relatively high. A high exhaust gas velocity through
a tube decreases the formation of soot deposits inside
the tube. Further, as regards the closed tubes, there will
be a positive net pressure at the respective exhaust gas
outlet thereof. Consequently, the exhaust gas flow, and
thus the soot deposit build-up, in the closed tubes will be
limited. When necessary or suitable, the tubes 34 may
be manually cleaned when the boiler 2 is not operated.
[0049] The deposit reducing elements 20 of the above
described boilers are all similar. At a certain burner load,
it is random which of the deposit reducing elements that
are moved to open the corresponding tubes. Should the
distribution of open tubes turn out not to be good, the
deposit reducing elements could be given different char-
acteristics to make them move in a certain order.
[0050] According to one embodiment of the inventive
boiler, the deposit reducing elements have different
weights such that a first subset of the deposit reducing
elements have a first weight, a second subset of the de-
posit reducing elements have a second weight, a third
subset of the deposit reducing elements have a third
weight, etc., wherein the first weight < the second weight
< the third weight. Then, a first exhaust gas pressure
required for moving the deposit reducing elements of the
first subset < a second exhaust gas pressure required
for moving the deposit reducing elements of the second
subset < a third exhaust gas pressure required for moving
the deposit reducing elements of the third subset. This
means that all the deposit reducing elements of the first
subset will be moved before the deposit reducing ele-
ments of the second subset are moved, etc. Example:
for a boiler comprising 300 tubes, connected to a burner
producing 6500kg/h exhaust gas with an exhaust gas
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pressure of 62 mm in water column at 75% load, Fig. 6
illustrates the burner load required to move deposit re-
ducing elements of different weights while Fig. 7 illus-
trates the number of deposit reducing elements of differ-
ent weights. In such a boiler the number of deposit re-
ducing elements may be, for example, 296 to 299 such
that no deposit reducing element is arranged in between
1 and 4 of the tubes.
[0051] Figs. 8-10 illustrate a yet another alternative
embodiment of the boiler 2 comprising a first number of
tubes 42 and a second number of, here four, deposit
reducing elements 44. The boiler 2 according to this em-
bodiment is very similar to the above described boilers
2 and hereinafter the differing features will be focused on.
[0052] The tubes 42 comprise no first, second or third
retaining means like the above recesses 16, annular edg-
es 40 and projections 15, respectively, since the deposit
reducing elements 44, unlike above, are arranged out-
side, instead of inside, the tubes 42. Each of the deposit
reducing elements 44 is arranged to close, depending
on the exhaust gas pressure in the tubes 42, a plurality
of the tubes 42, some partly and some completely. Ac-
cordingly, since the vessel 4 of the boiler 2 is cylinder
shaped and the tubes 42, which extend essentially par-
allel to a longitudinal center axis of the cylinder, are es-
sentially uniformly distributed throughout the vessel 4,
each of the four deposit reducing elements 44 comprises
a disc 46 in the shape of a quarter of a circle. For the
purpose of illustration only, the discs have been made
transparent in Fig. 9. As is clear from Fig. 9, the tubes
arranged in a center horizontal tube row are arranged to
be partly closed by two of the deposit reducing elements
44. Because of a gap 47 between said two of the deposit
reducing elements 44, the tubes arranged in the center
horizontal tube row will always be partly open. Thereby,
it may be ensured that no build-up of exhaust gas inside
the boiler takes place. Thus, these constantly partly open
tubes have the same function as the tubes lacking a de-
posit reducing element of the above described embodi-
ments.
[0053] Each of the deposit reducing elements 44 is ar-
ranged to move in relation to the tubes 42 to open or
close them, a deposit reducing elements 44 covering the
outlet 10 of a tube 42 to close it. To guide the deposit
reducing elements 44 during their movement in relation
to the tubes 42, the boiler 2 further comprises a third
number of guiding elements 48. Each of the guiding el-
ements 48 is formed as a bar attached to a top wall 50
of the vessel 4 and extending through a respective hole
52 in the deposit reducing elements 44. There are three
guiding elements 48, and thus holes 52, per deposit re-
ducing element 44 arranged in a respective one of the
corners of the deposit reducing element 44. The guiding
elements 48 extend essentially parallel to each other and
to the longitudinal center axes of the tubes 42, wherein
the deposit reducing elements 44 move essentially par-
allel to the longitudinal center axes of the tubes. As is
clear from especially Fig. 10, the guiding elements 48

each comprises two opposing projections 54 projecting
essentially perpendicular to a longitudinal extension of
the guiding elements so as to prevent the deposit reduc-
ing elements 44 from being disconnected from the guid-
ing elements 48. As is schematically illustrated in Fig. 8
(by different deposit reducing element thicknesses), all
the deposit reducing elements 44 have different weights
so that they are moved or lifted at different exhaust gas
pressures. In alternative embodiments, all or some of the
deposit reducing elements 44 could all be similar and
have the same weight.
[0054] When the boiler 2 according to Figs. 8-10 is
ready for operation, all the deposit reducing elements 44
abut the top wall 50 of the vessel 4 and close the tubes
42 (default position). When the burner is started, it starts
producing exhaust gas which is fed to the inlets (not il-
lustrated) of the tubes 42 and into the tubes where it
pushes against the deposit reducing elements 44. De-
pending on the burner load, some of the deposit reducing
elements 44 may be lifted by the exhaust gas to open
the corresponding tubes 42 and release the exhaust gas.
As previously discussed, since some of the tubes 42 will
be closed by the deposit reducing elements 44 depend-
ing on the burner load, the formation of deposits inside
the tubes will be little.
[0055] In all of the above described embodiments the
tubes and the deposit reducing elements could be made
of stainless steel, carbon steel, aluminum or any other
suitable material.
[0056] The above described embodiments of the
present invention should only be seen as examples. A
person skilled in the art realizes that the embodiments
discussed can be varied and combined in a number of
ways without deviating from the inventive conception.
[0057] As an example, the deposit reducing elements
for arrangement inside the tubes need not be formed as
solid circular discs but could have many different designs.
As an example, the deposit reducing elements could
each comprise two thinner steel plates with projecting
bristles, in, for example, copper or brass, arranged in
between these plates, which bristles could be arranged
to brush the soot deposits off the inside surface of the
tubes.
[0058] As another example, the deposit reducing ele-
ments for arrangement inside the tubes could be ar-
ranged to run on guiding elements in the form of bars
extending through the tubes to keep them steady in the
cleaning orientation. Such bars could extend through the
deposit reducing elements.
[0059] Alternatively, to keep the deposit reducing ele-
ments for arrangement inside the tubes steady in the
cleaning orientation, the deposit reducing elements could
be "bowl-shaped", i.e. comprise a disc having an annular
protruding edge projecting from the upper plane surface
of the disc and extending along an outer periphery of the
disc.
[0060] Further, the number of tubes and the number
of deposit reducing elements could be the same such
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that there is one deposit reducing element per tube.
[0061] As another example, the tubes of the boiler
could be designed like the tubes 34a, 34b and 34c illus-
trated in Fig. 4 but without the recesses or upper "slicing".
Further, the disc shaped deposit reducing elements could
have a diameter slightly smaller than the inside diameter
of the first tube sections to allow the deposit reducing
elements to move through the first tube sections. Then,
when the deposit reducing elements reach the second
tube sections, the exhaust gas could escape from the
tubes by passing around the deposit reducing elements.
The tube outlets could be closed by a perforated plate to
keep the deposit reducing elements in the tubes.
[0062] The number of deposit reducing elements of the
boiler in Figs. 8-10 could be more or less than four and/or
the deposit reducing elements could have other shapes
than the shape of circular sectors. Further, there could
be more or less than three guiding elements per deposit
reducing element, and/or the guiding element need not
be arranged to extend through the deposit reducing ele-
ments. Also, the guiding elements need not be formed
as bars along which the deposit reducing elements are
arranged to slide. As an example, the guiding elements
could instead comprise joints, hinges and/or springs.
[0063] The constantly partly open tubes of the boiler
in Figs. 8-10 need not be the tubes arranged in the center
horizontal tube row but could one or more of the other
tubes.
[0064] As a final example, the boiler according to the
invention could be used for heating, evaporating or su-
perheating other media than water by means of exhaust
gas from another source than an oil-fired burner, e.g. a
diesel engine so as to function as a waste heat recovery
boiler.
[0065] It should be stressed that a description of details
not relevant to the present invention has been omitted
and that the figures are just schematic and not drawn
according to scale. It should also be said that some of
the figures have been more simplified than others. There-
fore, some components may be illustrated in one figure
but left out in another figure. Finally, as used herein, the
prefixes "first", "second", "top", "bottom", "upper", "low-
er", "horizontal", "vertical" etc. are used only to distin-
guish between different components and pose no re-
quirements as regards relative positioning or orientation.

Claims

1. A boiler (2) comprising a first number of tubes (6, 34,
42) for conveying exhaust gas, each of the tubes (6,
34, 42) comprising an inlet (8) for receiving the ex-
haust gas and an outlet (10) for discharging the ex-
haust gas and each of the tubes defining a respective
longitudinal center axis (L), characterized in further
comprising a second number of deposit reducing el-
ements (20, 44), each of the deposit reducing ele-
ments (20, 44) being arranged to close at least one

of the tubes (6, 34, 42), or be moved, by a sufficiently
high exhaust gas pressure in said at least one of the
tubes, to open said at least one of the tubes, to re-
duce formation of deposits inside the tubes.

2. A boiler (2) according to claim 1, wherein a first sub-
set of the deposit reducing elements containing at
least one of the deposit reducing elements (20, 44)
differ from a second subset of the deposit reducing
elements containing at least one of the deposit re-
ducing elements (20, 44) such that a first exhaust
gas pressure required for moving said at least one
of the deposit reducing elements (20, 44) of the first
subset is less than a second exhaust gas pressure
required for moving said at least one of the deposit
reducing elements (20, 44) of the second subset.

3. A boiler (2) according to claim 2, wherein a weight
of said at least one of the deposit reducing elements
(20, 44) in the first subset is less than a weight of
said at least one of the deposit reducing elements
(20, 44) in the second subset.

4. A boiler (2) according to any of the preceding claims,
wherein said first number of tubes (6, 34, 42) is larger
than said second number of deposit reducing ele-
ments (20, 44).

5. A boiler (2) according to any of the preceding claims,
wherein each of the deposit reducing elements (20,
44) includes a disc (22, 46) comprising two opposing
plane surfaces (24, 26) arranged to extend essen-
tially perpendicular to the longitudinal center axis (L)
of said at least one of the tubes (6, 34, 42) when the
deposit reducing element closes said at least one of
the tubes.

6. A boiler (2) according to any of the preceding claims,
further comprising a third number of guiding ele-
ments (48) arranged to engage with said deposit re-
ducing elements (20, 44) to control their movement
in relation to said tubes (6, 34, 42).

7. A boiler (2) according to any of the preceding claims,
wherein each of said deposit reducing elements (44)
is arranged to at least partly cover the respective
outlet (10) of said at least one of the tubes (42) to
close said at least one of the tubes (42).

8. A boiler (2) according to any one of claims 1-6,
wherein each of the deposit reducing elements (20)
is arranged in a respective one of the tubes (6, 34)
and arranged to be moved along the longitudinal
center axis (L) of said respective one of the tubes
(6, 34) to open or close the tube.

9. A boiler (2) according to claim 8, wherein each of the
deposit reducing elements (20) is arranged to scrape

13 14 



EP 3 708 910 A1

9

5

10

15

20

25

30

35

40

45

50

55

off deposits from an inside surface (18) of said re-
spective one of the tubes (6, 34) when being moved
along the longitudinal center axis (L) of said respec-
tive one of the tubes (6, 34).

10. A boiler (2) according to any of claims 8-9, wherein
the tubes (6, 34) containing the deposit reducing el-
ements (20) comprises a first section (12, 36) includ-
ing the inlet (8) for receiving the exhaust gas and a
second section (14, 38) including the outlet (10) for
discharging the exhaust gas, wherein the second
section (14, 38) further includes first retaining means
for preventing the deposit reducing element (20)
from leaving the tube (6, 34).

11. A boiler (2) according to claim 10, wherein said first
retaining means comprises at least one cavity (16)
extending through a wall of the second section (14,
38) of said respective one of the tubes (6, 34) for
releasing the exhaust gas.

12. A boiler (2) according to any of claims 10-11, wherein
the deposit reducing elements (20) are arranged to
move within only the second section (38) of said re-
spective one of the tubes (34).

13. A boiler (2) according to claim 12, wherein the tubes
(34) containing the deposit reducing elements (20)
includes second retaining means for preventing the
deposit reducing element (20) from leaving the sec-
ond section (38) of the tube (34).

14. A boiler (2) according to claim 13, wherein the inner
periphery (19) of the first section (36) of the tube (34)
is smaller than the inner periphery (19) of the second
section (38) of the tube (34), and wherein the second
retaining means comprises an annular edge (40) of
the first section (36) of the tube (34).

15. A boiler (2) according to any of claims 8-14, wherein
an outer periphery (30) of each of the deposit reduc-
ing elements (20) and an inner periphery (19) of at
least a part of said respective one of the tubes (6,
34) are at least partly uniform.
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